This paper presents a numerical solution of elastohydrodynamic lubrication (EHL) problem in line contacts which is modeled through an infinite cylinder on a plane to represent the application of cylindrical roller bearing. In this work, the contact between roller element and raceway of outer ring of the cylindrical roller bearing is simulated using vegetable oils as bio-based lubricants. Temperature is assumed to be constant at 40oC. The results show that the EHL pressure for all vegetable oils was increasing from inlet flow until the center, then decrease a bit and rise to the peak pressure. The shapes of EHL film thickness for all tested vegetable oils are almost flat at contact region.
1.0 INTRODUCTION
Environmentally acceptable should be considered as the most important thing in industrial and transportation application including their lubrication system. Leakages, spills and disposal of lubricants will cause the pollution and the environment health (Erhan et. al., 2006 ) because 5-10 million tons of petroleum based oleochemical enter the biosphere every year (Gawrilow, 2003) which derived from the food industry, petroleum products, and by products such as lubricants hydraulic and cutting oils. Based on the market overview (Bremmer and Plonsker, 2008 ) total lubricant demand in 2007 was about 41.8 million metric tons, the growth of lubricant demand was expected to be about 2% per year through 2010. Sales of all lubricants in the United States of America were in the range of 2.5 billion gallons in 2006. This high demand on lubricant needs the renewable resources to avoid the crisis energy. Due to this energy crisis and pollution of the environment, bio-based oils are possible to be used as industrial lubricating oils, instead of petroleum-based oils such as mineral oils and synthetic oils.
Bio-based oils are found in the seed or fruit of various plants or animals, vegetable oils are one of these bio-based oils where are manufactured from the plants. Vegetable oils consist of triglycerides, which are glycerol molecules with three long chains of fatty acids attached at the hydroxyl group by ester linkages. These fatty acids have similar length, between 14 and 22 carbons long with varying levels of unsaturation. Long and polar fatty acids will interact strongly with metallic surfaces, reducing friction and wear, and providing more stable viscosity, or high viscosity index (Fox and Stachowiak, 2007) . Unfortunately, these unsaturated double bonds of fatty acids in vegetable oils are also active for many reactions, including oxidation, lowering their consistence to oxidative degradation and poor low-temperature properties. Another disadvantage of using vegetable oil as a lubricant is only small range of viscosities is available due to the similarity in vegetable oil structure. However, these concerns have been improved by many researchers. Quinchia et al. (2010) have successfully modified the viscosity of vegetable oils, such as soybean oil, sunflower oil and castor oil, by using Ethylene-Vinyl Acetate copolymer (EVA) as additive material. Erhan and Asadauskas (2000) have chemically modified the triglycerides of vegetable oils (soybean oil and high oleic sunflower oil) to eliminate their polyunsaturation for better oxidative stability, and improved their low temperature properties.
Recently, some vegetable oils are widely being used as the alternative base oil for lubricants in the world. Many researchers have investigated to use vegetable oils as lubricants. Syahrullail et al. (2011) have used Refined, Bleached and Deodorized (RBD) palm stearin, which one of the refined palm oil types, as the lubricant in a cold work forward plane strain extrusion process. This RBD palm oil has also been investigated by Kadir et al. (2010) to find the friction coefficient of RBD palm oil and this oil has a potential for automatic transmission lubricant. Assessment of tribological properties, such as wear and friction, for palm oil has been compared to mineral oil using universal wear and friction machine and a two-stroke engine, and the vegetable oil is better performance in terms of wear (Masjuki et. al., 1999) . Mia and Ohno (2010) have investigated the high pressure physical properties, rheological behavior and phase diagram of mustard oil and coconut oil, which results showed that mustard and coconut oil could be used as lubricants.
In this research, vegetable oils which have been tested by Mia and Ohno (2010) , as shown in Table 1 , will be used as the lubricants in simulation of elastohydrodynamic lubrication, which the contact zone of this lubrication is too small so that the high pressure on the contacting elements will deform the surfaces, such as contact between mating-gears, roller element bearing, cams, etc. In this simulation, cylindrical roller element bearing will be used as physical modeling which is a device used to support a rotating shaft to the bearing housing and reduce the friction between the cylindrical roller element and the raceway of outer ring, as shown in Figure 1 . As the limitation study is in only one dimensional, a simple assumption for the width of the bearing is effectively infinite and the pressure distribution is uniform in the y direction, meaning side leakage is neglected. Another assumption is simulation running in constant temperature (isothermal condition). Calculation of film thicknesses and pressures in line contact of elastohydrodynamic lubrication is based on the fast and accurate method, developed by Houpert and Hamrock (1986) , which used Newton-Raphson method in solving the elasticity and Reynolds equation simultaneously. The advantage of this method is that solutions can be obtained for no load limitations and solved in a small amount of iterations with small number of computer running time. Effects of sliding ratio of velocity on the elastohydrodynamic pressure and film thickness profiles will also be investigated. 
All dimensionless parameters are detailed in the nomenclature. The dimensionless load balance equation is expressed as:
The unknowns in this problem are:
value of density times film thickness, ρH where dP/dX = 0 P j -pressure at node j (j = 2, N) The boundary conditions are P 1 = 0 for X 1 = X min and P = dP/dX for X = X end .
3.0 NUMERICAL SOLUTION
Newton-Raphson formula will be used in order to solve the nonlinear of Reynolds equation. From Figure 2 , to find a root where f(x) = 0 and x i is initial guess of root, as well known that the first differential of f(x) can be written as:
Equation (9) can be rewritten as:
where 
We have for each node i of equation (3) is:
The constant load is: 
4.0 RESULTS AND DISCUSSION
Elastohydrodynamic lubrication parameters, such as pressure profiles and film thicknesses for coconut oil and mustard oil have been simulated for rolling element bearing application. Temperature was assumed constant at 40 o C and speed of bearing was assumed in steady state. Dimensionless load and dimensionless speed were set identical to the running simulation by Houpert and Hamrock (1986) , W = 2.0452 x 10 -5 and U = 1.0 x 10 -11 . The maximum number of nodes was fixed at 321. The X in and X out were set at -4 and 1.5 respectively. Hertzian pressure and thickness profile were used as initial condition. Roelands' relationship of pressure-viscosity was used because of its high load running capability. For comparison, mineral oil of P150 was used in running this simulation. Figures 3 to 5 show the pressures profile and film thicknesses for all tested oils. It should be noted that the x axis in all graphs indicated the dimensionless distance from the centre of component of roller bearing where the lubricant enters the contacted components from the left side of the two elements. This dimensionless distance was obtained by dividing the distance along rolling direction (x) with the half Hertzian length (b), as shown in Figure 1 .
Pressure profile and film thickness for coconut oil are depicted in Figure 3 . The pressure of elastohydrodynamic lubrication increased from the inlet flow (X = 4) and reach the maximum pressure at the center of roller. This increasing plot followed the Hertzian pressure profile, but in this profile, there was a second local maximum located near the outlet, referred to as the "pressure spike", with the maximum pressure was P max = 0.96527. After reaching the second peak position, the pressure dropped sharply to the outlet flow (X end = 1.16153), as shown Figure 3 (a). The film thickness shape for coconut oil is shown in Figure 3 (b). Initial guess for dimensionless central film thickness was H 0 = 0.6. The film thickness shape of elastohydrodynamic lubrication for coconut oil decreased from the inlet flow until reached the contacted zone and almost flat at this contacted area (from X = -1 to X = 1). There was a valley shape was formed at the end of contacted zone due to the spike of elastohydrodynamic pressure, H min = 0.30683. Figure 3 (c) shows the blowup of the elastohydrodynamic pressure and film thickness for coconut oil in the contacted zone. In this figure, it can be seen that the value of film thickness was almost two orders of magnitude from the Hertzian film thickness.
Pressure spike for mustard oil was smaller than pressure spike of coconut oil, located near to the maximum Hertzian pressure while spike of mineral oil was almost coincident with coconut oil (Figure 4 (a) ). It was caused by the solidification temperature of coconut oil was higher than mustard oil which affected to the pressure-viscosity coefficient, while the pressure viscosity coefficient of coconut oil was almost same as mineral oil (P150N) but it was lower than in case of mustard oil (Mia and Ohno, 2010) . Pressure spike of mustard oil and mineral oil are Pmax = 0.954322 and Pmax = 0.95826, respectively. This case applied to the film thickness also, as shown in Figure 4 (b) , while the thickness of coconut oil was almost coincident with mineral oil and higher than mustard oil's thickness. The minimum film thickness for mustard oil is Hmin = 0.26383 and mineral oil is Hmin = 0.30171. Detail pressure profiles and film thicknesses at the contacted zone can be seen at Figure 4 (c) .
The effects of sliding ratio on the elastohydrodynamic parameters have been investigated and shown in Figure 5 . This simulation was running for coconut oil and the dimensionless load was set fixed as W = 2.0452 x 10 -5 and the velocity of upper roller was set as v a = 1.04542 m/s. It should be noted that the dimensionless load was obtained by dividing the applied load per unit length (w) with the multiplying of equivalent Young's modulus (E') and the equivalent radius of contact (R), as described in nomenclature. Figure 5 shows that the value and position of pressure spike and film thickness differ for all effects of sliding ratio. Higher ratio cause lower pressure spike and lower minimum film thickness and the location are closer to the outlet zone. 
4.0 CONCLUSION
Coconut oil and mustard oil have been simulated as lubricants in order to obtain the elastohydrodynamic parameters by using a fast and accurate approach of Houpert and Hamrock. For comparison, mineral oil of P150N has been used to see the possibility to substitute it with vegetable oils. All simulated oils data were obtained from experiment of Mia and Ohno. The conclusion can be drawn that coconut oil has similar pressure profile and film thickness shape with the mineral oil and mustard oil has lower values than mineral oil. However, these vegetable oils have a potential to substitute the function of mineral oil as lubricant using in roller element bearing application to reduce crisis energy. 
